Abstract Samples were collected seasonally from ten sectors of the main channel of Lake Nasser during 2013. Macrobenthic community consisted of twenty-four species belonging to three phyla, Annelida (five species), Mollusca (nine species) and Arthropoda (ten species). Annelida ranked the first position and constituted 52% and 68% of total population density (P. 
Introduction
Benthic invertebrate populations are important factors in the productivity of lakes (Welch, 1952) and are frequently used to evaluate overall ecosystem health (Rosenberg and Resh, 1993; Reynoldson et al., 1995) because these communities are important to material cycling and secondary production, and are sensitive to environmental contaminants. Benthos constitute the link between the unavailable nutrients in detritus and useful protein materials in fish and shellfish, most benthic organisms feed on debris that settle on the bottom of the water and in turn serve as food for a wide range of fishes (Idowu and Ugwumba, 2005) . They play an important role in many ecological processes in lakes and rivers (Pearson and Rosenberg, 1978; Verdonschot, 1987; Plante and Dawning, 1989; McCall and Soster, 1990) . Some species of family Chironomidae are indicators of poor water quality and tolerant of pollution (Moss, 1993; Fishar and Abdel Gawad, 2009 ). Some species of Caddisflies are always associated with cleaner habitat (Rosenberg et al., 2008) .
Several limnological studies were carried out on Lake Nasser, but the studies which were carried out on macrobenthic fauna were limited and began during 1970 by Entz (1978) , who studied a gradual change in the benthic components with the development of the lake. Anon (1979) studied the geographical distribution of benthic organisms through Aswan High Dam including Lake Nasser. Latif et al. (1979) studied the distribution of benthic fauna of Lake Nasser. Elewa (1987) surveyed the benthic fauna of the lake. Iskaros (1988) studied the seasonal variations of bottom fauna in Lake Nasser and adjacent water. Fishar (1995) studied the bottom fauna along the main channel of Lake Nasser. Ibrahim and Mageed (2005) recorded a dominance of oligochaets and arthropods (especially, Insecta), in addition to few molluscs in the lake. Iskaros and El Dardir (2010) studied the factor affecting the distribution and abundance of bottom fauna in Lake Nasser. Abdel Gawad et al. (2014) carried out a review on macrobenthic fauna in Lake Nasser. The main objective of this study is to investigate the diversity and spatio-temporal distribution of macroinvertebrate assemblages.
Materials and methods

Area of the study
Lake Nasser (Fig. 1) is one of the largest artificial water reservoirs worldwide. The lake was created with the construction of Aswan High Dam 5 km up Stream of Aswan city in Upper Egypt in 1964. Lake Nasser is located in an arid region in Figure 1 Map of Lake Nasser showing collected sectors from the main channel. the south of Egypt. It is a mesotrophic lake (Mageed and Heikal, 2006) . Lake Nasser is the second largest manmade lake in Africa, after Lake Volta (Ghana). It is a monomictic subtropical lake (Heikal and Abdel Bary, 1999) with prevalent lacustrine properties. The only source of lake water is the River Nile. The outflow is the continuation of the Nile towards the north. Lake Nasser is unique in its performance because it is situated in pure desert. It has an irregular shape with many embayments called ''Khors'', 48 lie on the eastern side and 37 on the western one (Entz, 1974) . The Nile flood comes once a year in late August originating from the Ethiopian highlands.
It is known by its high turbidity carrying a heavy load of mud consisting of a mixture of sand, silt and clay. The yearly flood of the Nile is the most important factor affecting the conditions of the reservoir.
Physicochemical parameter
Temperature, pH, and electrical conductivity (E.C.) were measured in the field at the same time of sampling by Multiprob Hydrolab (Model CRISON-Spain). Transparency was Figure 2 Some physicochemical parameters in the main channel of Lake Nasser.
measured by Secchi Disc and dissolved oxygen was measured according to APHA (2005) . The grain size analysis was carried out by dry sieving technique according to Folk (1974) and determination of organic matter was done according to Nelson and Sommers (1996) .
Sampling techniques
Samples of bottom fauna were collected from ten sectors in the main channel of Lake Nasser (Fig. 1) ). These sectors are Up-Stream, Dahmit, Kalabsha, Wadi-abyad, El-Madiq, Korosko, Amada, Tushka, Abu-Simble and Adindan. Table 1 shows their locations and their distance from High Dam. The collected samples were washed to remove any adhering bottom sediments or mud in a sieve through screens of 500 lm mesh diameter. The samples were stored in plastic jars with 7-10% neutral formalin solution. Each jar was labelled with the relevant data. In the laboratory, the samples were washed again in a net of 500 lm mesh diameter. By using a binocular dissecting microscope, the samples were sorted to its genera or species. Every species was kept in a glass bottle with 7-10% formalin solution and labelled for identification. Population density (P.D.) was calculated and expressed by organisms/m 2 , biomass was calculated and expressed by gm fresh weight/m 2 . The following references were used in the identification of macrobenthic fauna: Pennak (1953) , Brinkhurst (1966) , Brinkhurst and Jamison (1971) , Wirth and Stone (1963) , Brown (1980) and Brown et al. (1984) .
Statistical analysis
Correlation Coefficient analysis (r) was carried out by Microsoft Excel 2013, diversity index (H), species richness (SR), evenness (E), dominance percentages (D%) and similarity were carried out by SPSS Software (Version 16).
Results
Physicochemical parameters
Water temperature follows that of the air, the lowest temperature (19.06°C) was recorded in winter and increased gradually in spring until it reached its peak during summer (28.26°C) and decreased again during autumn (Fig. 2a) . pH lies in alkaline side where it ranged from 8.06 in autumn to 8.52 in winter (Fig. 2b) . Transparency reached its maximum (342.2 cm) during autumn while, the lowest one (224.4 cm) recorded in spring (Fig. 2c) . Conductivity showed the highest value in winter and the lowest value was recorded during autumn, it ranged between 195.2 and 234.5 lmohs/cm (Fig. 2d) . Dissolved oxygen in the area ranged between 4.8 and 7.4 mg/l in winter, 3.5 and 5 mg/l in spring, 3.2 and 5 mg/l in summer, and 4.9 and 7.5 mg/l in autumn (Fig. 2e) .
Mean water depth in the northern sectors was more than the water depth in the southern sectors in the main channel (Fig. 2f ). The analysis of sediment showed that sediment types in the middle of the main channel were sandy mud and mud while sediment types of eastern and western banks were sandy mud and gravelly muddy sand during the period of study. Organic matter in the area ranged from 9.92% to 0.84% during winter, 22.7-1.18% during spring, 8.31-1.34% during summer and 8.64-1.14% during autumn.
Community composition of macroinvertebrates
A total of 24 species of living bottom invertebrates were identified in the collected benthic samples from the area investigated during the period of investigation. Of these, 10 arthropods, 5 annelids and 9 molluscs were recorded. Annelida and Arthropoda occupied most population density (P.D.) of total macrobenthic invertebrates (M.B.I.) in the area and represented about 52% and 28% respectively. Mollusca represented only 20% of the total P.D. of M.B.I. (Fig. 3) . Regarding biomass, Annelida and Mollusca ranked the first and second positions represented by 68% and 27% of the total biomass of M.B.I. in the area respectively, while Arthropoda represented only 5% (Fig. 4) .
Species recorded and some statistical analysis
Species recorded are listed in Table 2 . The highest number of species (15 species) was recorded in Abu-Simble, while the lowest number of species (5 species) was recorded in El-Madiq sector. Limnodrilus udekemianus was the most abundant species in the area which constituted about 50% of P.D. of annelids and Statistical analysis of bottom fauna in the whole sampled sectors (Table 3) show that the highest diversity index (H = 3.26) was recorded in Abu-Simble while the lowest (H = 2.1) was calculated in El-Madiq. The same phenomenon was observed for species richness, the highest species richness (SR = 2.21) was calculated in Abu-Simble while the lowest (SR = 0.83) was calculated in El-Madiq. The highest evenness (E = 0.91) was calculated in El-Madiq while the lowest (E = 0.70) was in Kalabsha sector. Concerning dominance, Kalabsha sector occupied the first rank on the values of dominance (67.6%) on the other hand, the lowest one (44%) was calculated in Adindan sector. Similarity between sectors (Fig. 5) shows that the highest similarity (about 84%) was between the M.B.I. in sector Amada and sector Korosko and they are together similar with sector Tushka at the level of about 82%. Correlation Coefficient revealed negative relationships (r = À0.93 and À0.99) between temperature and the density of oligochaets and arthropods respectively. 
Seasonal variations of M.B.I. in the area investigated
In winter, the average of total M.B.I. in the whole area during winter was 505 organisms/m 2 weighing 1.88 g f.w./m 2 . Annelida, Arthropoda and Mollusca were represented by 42.4%, 45% and 13% of total P.D. of M.B.I. respectively (Table 5) reached its maximum density (586 organisms/m 2 weighing 2.25 g f.w./m 2 ). Annelida represented about 56% of total P.D. of M.B.I (Table 5 ). The representation of Mollusca in the area decreased during autumn. Arthropoda was not recorded in Up-Stream, Dahmit and Kalabsha but it reached its maximum in Tushka during autumn.
In general, as shown from Table 7 , the total average density and biomass of M.B.I. at the eastern side (712 organisms/m 2 weighing 2.972 g f.w./m 2 ) and western side of the main channel (561 organisms/m 2 weighing 2.407 g f.w./m 2 ) during the period of study were more than its corresponding values at the middle (384 organisms/m 2 weighing 1.598 g f.w./m 2 ) of the main channel.
Discussion
The composition of the benthic invertebrates has been considered as good indicators of water quality because unlike plankton, they form stable communities in the sediments which integrate change over long time intervals and reflect characteristics of sediment and water. Several abiotic and biotic factors are regarded as important in structuring macroinvertebrate communities e.g. temperature (Hammerton, 1972; Talling, 1976) , pH (Delince, 1992) , substratum (Minshall, 1984; Reice, 1980) , the depth of water (Samaan, 1977) , dissolved oxygen (Allen et al., 1958) , predation (Bell, 1980) .
Temperature is known to have a direct effect on aquatic organisms and indirect effect through its influence on other environmental factors such as solubility of mineral and gases including oxygen. The increase in water temperature tends to decrease the solubility of oxygen in water (El Shabrawy, 1996; Idowu et al., 2013) . In this present work, the lowest average of P.D. of M.B.I. in the whole area was recorded in summer. Strong negative relations (r = À0.93) were calculated between temperature and annelids and (r = À0.99) between temperature and arthropods. This agrees with the results of Abdel Gawad (2001) who stated a strong negative correlation between the density of M.B.I. and temperature in River Nile.
The pH of water is important because many biological activities can occur only within a narrow range. Thus, any variation beyond acceptable range could be fatal to a particular organism. The pH values were alkaline in Lake Nasser ranged between 6.84 and 9.01 in the area of study. This could be due to increase in photosynthetic activity hence increasing primary productivity (Hammer, 1971) . The pH values of the water within suitable range of 6.5-9.0 for most organisms and fish production (Kamran et al., 2003) .
Sources of dissolved oxygen in the aquatic environment include the atmosphere and photosynthesis and depend on its solubility while losses of oxygen include respiration, decay of aerobic bacteria and decomposition of dead decaying sediments (Gupta and Gupta, 2006) . During the present study, it could be concluded that the water column is oxygenated during winter and spring and the oxygen depletion in the bottom water during summer and early autumn. In September (end of summer) with the incoming flood water a fundamental change had been taking place resulting in breaking down of stratification and complete maxing between different water layers of southern part of Lake Nasser (Tawfeek and Koriem, 2014) . The major factors responsible for a decrease in oxygen concentration in Lake Nasser are the respiratory consumption of plankton and organisms and also sediment oxygen demand for decomposition of organic matter. In the present study, the highest dissolved oxygen values were recorded in sector Tushka during winter, and Abu-Simble sector during winter and autumn. These sectors have lower organic matter (Lotfy and Farhat, 2014) . This agrees with the results of Idowu and Ugwumba (2005) and Idowu (2007) who stated that, the high concentration of dissolved oxygen in Ado-Ekiti Reservoir (Nigeria) could be attributed to low organic enrichment and the low BOD values in the reservoir during the period of investigation, supports low organic enrichment of the Ado-Ekiti Reservoir.
Correlation between abundance of M.B.I. and some physicochemical parameters (pH and dissolved oxygen) in the lake indicates abundance of M.B.I is independent of these physicochemical parameters during this study. This is not surprising since the averages of these parameters examined in the main channel of Lake Nasser during this study were within the recommended range for fish production and organisms' growth.
The depth of water is an important factor affecting the abundance and distribution of bottom fauna. The decrease in P.D. and biomass of M.B.I. in the northern sectors than their values in southern sectors may be due to the great depth of the main channel at the northern sectors. Also the middle of the main channel of Lake Nasser was lower of benthic fauna than the eastern and western banks, this may be attributed to the depth of the middle of the main channel and occurrence of some rocky islets in some sampling stations which hinders accurate sampling, also the poverty of bottom fauna in the middle of the main channel may also be due to less amount of food. Great amount of food and environmental conditions of the littoral zone are suitable for fauna establishment. This agrees with the results of many previous investigators (El Tantawy et al., 2003; Iskaros, 1993; Fishar, 1995) in Lake Nasser.
Autumn was numerically the most productive season of M.B.I. in the lake (586 organisms/m 2 ) while the lowest P.D. was recorded in summer, the highest biomass (3.61 g f.w./m 2 ) was recorded during summer and the lowest biomass (1.9 g f.w./m 2 was recorded during winter and spring. This particularly agrees with the results of Fishar (1995) who recorded the highest P.D. and biomass in autumn and summer respectively and the lowest P.D. and biomass was in winter in the main channel of Lake Nasser. Iskaros and El Dardir (2010) reported that the benthic population was high in spring and lowest in summer in Lake Nasser. These differences may be explained by Ngqulana (2012) who illustrated that in general, for an aquatic ecosystem, the seasonal changes play a major role in structuring the benthic community.
Dominance of oligochaets and arthropods (especially, Insecta), in addition to few molluscs agrees with the results of Iskaros (1988 Iskaros ( , 1993 , Fishar (1995 ), El Tantawy et al. (2003 in Lake Nasser. The rare representation of Mollusca and most of them were found as empty shells could be attributed to a direct relation that appeared to exist between the density of the Molluscs and the rate of silting. Brown and Lemma (1970) and Kloos and Lemma (1974) concluded that the influx of inorganic material in Awash River (Ethiopia) is in hospital for most Molluscs because of their heavy silt load.
Limnodrilus spp. (oligochaets) were the most dominant species in Lake Nasser, this agrees with the most previous studies on the lake. This may be attributed to soft muddy substratum which is suitable for these species (Fishar, 1995; Abdel Salam and Tanida, 2013) , to their ability to adapt to various habitats and their tolerance to oxygen depletion related to excess decomposable organic matter present in the environment (Rashid and Pandit, 2014) . The lowest representation of arthropods (insect larvae and pupae) which occurred during summer, may be due to the rise in temperature which accelerates the cycle of insects by increasing the growth rate leading to adult stage. This agrees with the observations of Ebeid et al. (1994) in El-Serw fish Farm region. Although the incidence of predation of M.B.I. by fishes inhibiting Lake Nasser was not great, the gut contents of some fishes inhabiting the lake such as Alestes dentex, Hydrochymus forskalii and Sarotherodon galilaeus contain M.B.I. species such as Chironomidae larvae and pupae, Trichoptera larvae, Libellula spp., Ischnura spp. and Oligochaeta (Abdel Karim et al., 2009) .
It could be concluded that, the changes in Lake Nasser water level and the sediment clay are the most important factors influencing the species composition of macrobenthic invertebrates. More studies on bottom fauna in Lake Nasser can be encouraged to be used as a food for bottom feeder fishes to increase fish production of the lake.
